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Rotating Electrical Machine 



The present invention relates to rot'ating electrical 
machines, that is machines which can be used either as 
electric motors, in which electrical energy is converted 
into movement, or as electric generators in which movement 
is converted into electrical power. 

There are two' Icnown types of DC electric motors. In the 
first type, a DC electrical power source is connected by 
means of contact brushes to coils wound on an armature 
arranged to rotate about, or within, a stator in the form 
of one or more permanent magnets 6x separately energised 
electromagnets. The rotation of the armature relative to 
the brushes via a commutator also serves to switch 
electrical current between the coils. In the second type, 
the rotor comprises a plurality of permanent magnets, and 
the stator comprises a number of coils and associated 
electrical circuitry which controls the switching of 
electrical power between the coils . 

The disadvantage of the first type is that 
. electromechanical wear of the brushes and commutator limits 
the lifespan of the machine to 2000 hours. Also, as only 
one coil at a time is energised, there are limits placed on 
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the efficiency of the machine- Furthermore, the sparks 
generated by the brushes and commutator. create 
electromagnetic interference. The second type overcomes the 
three problems mentioned above, but the use of drive 
5 electronics makes the machine much more costly to 
manufacture than the first type. 

It would be desirable to provide a motor-generator .which 
overcomes^ or at least mitigates, some or all of the 
10 problems associated with the first type of motor described 
above, without the extra costs associated with the second' 
type. 

In particular, it would be desirable to provide a motor- 
is generator including only a small number of . separate 
components which may be manufactured and assembled by mass- 
production techniques, and therefore one which, within the-, 
scope of manufacturing tolerances, exhibits high 
performance at a low production cost. 

20 

Thus, in accordance with the present invention there is 

provided an electric motor-generator comprising; 

A rotor comprising a permanent magnet mounted on a rotating 

shaft; 

2S 
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A stator comprising a plurality of electromagnets (coils) , 
all of. which are energised at all times, except when their 
polarities are being switched; 

5 A means of switching the polarities of the stater 
electromagnets (coils) ^ mechanically linked to the rotor. 

The first two aspects of the machine are commonly found in 
Brushless DC motors and are familiar to those sJcilled in 
...10 ' the art. 

The third aspect comprises a plurality of bipolar leaf 
switches, two per coil^ arranged such that as the switch is 
moved from one contact to the other, the polarity of the 

15 coil is reversed. These switches may be activated by a cam 
mounted on the shaft. The cam spans 180 degrees, so that as 
the shaft rotates, the coils* are energised half the time 
with one polarity, and half the time with the other. 
Furthermore, the cam is aligned with the permanent magnet 

20 such that the point at which the polarities are reversed is 
the point at which the permanent magnet is lined up with a 
given coil, «such that as there is no change in flux linkage 
at that point, there Is no voltage oar current in the coil. 
The advantage of this is that as the coil carries no 

25 current at this point, there is also no spark as the 
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polarities are switched. This means that electrical wear is 
kept to a minimutn, and electrical efficiency is maximised. 
It will be noted that the only limiting factor on the 
* lifespan of the machine is the mechanical life of the 
s switches/ which can be engineered to be many thousands of 
hours . 

It will also be noted that as the switches are mechanically 
linked to the shaft, and thus the permanent magnet, rotpr,. 
10 there is no need for any form of position-sensing 
electronics or angle encoder. ^ . • ^ . 

Pinal ly, it will be noted that a system of leaf switches 
uses less copper, • and is simpler and cheaper to. 
IS manufacture, than brushes and a commutator. Additionally, 
the contact of the leaf switches does not exhibit the 
rotational friction, and thus mechanical wear, associated 
with brushes and a commutator. 

20 The invention thus exhibits the properties of simplicity, 
low cost, high efficiency and long lifespan. 

Aspects of the invention will become apparent from the 
following description, which is given by way of example 
25 only. 
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Embodiments of the invention will now be described by way 
of example only and with reference to the accompanying 
drawings in which: 

. s . . * 

Pig 1- Shows the rotor arrangement, with permanent magnet, 
shaft and cam. 

-Fig 2- Shows the stator arrangement with coils, cam sleeve 
xo and switches . 

Fig 3 . Shows an end-on view of shaf t and cam inside cam 
sleeve showing operation of the switches. 

15 Pig 4. is a detail of the switching mechanism, and 

Fig 5, is a circuit diagram of the switching mechanism. 

An electric motor comprises a rotor, (Fig 1) made up of a 
20 permanent magnet 1> mounted on a shaft 2) on which is 
mounted a cam 3), and a stator (Fig 2) made up of a 
plurality of coils 4) electrically connected to a cam 
sleeve 5)- A plurality of switches 6) project from the 
inside of the cam sleeve S) . When the machine is assembled 
25 (Pig 3) the shaft 2) and cam 3) rotate within the cam 
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Sleeve 5) such that: the switches 6) are depressed through 
180 degrees of rotation by the cam 3) , and not depressed 
for the other 180 degrees. The switches 6) are connected to 
bipolar leaf switches 7) . When the switch 6) is depressed, 
s it moves the leaf switches 7) , displacing thsm from contact 
with the first pair of contacts .9) and making contact with 
the second pair of contacts 8). The contacts 8^9) are 
electrically, connected to the coils 4) such that when -the 
leaf switches 7) are connected to the first, pair . of 
10 contacts 9) the current flows through the coil 4) in one 
direction, and when the leaf switches 7) are connected to- 
the second pair of contacts 8) the current flows throiigia 
the coil 4) in the opposite direction. 

15 Furthermore the cam 3) is mounted on the shaft 2) such that 
the switches 6) are depressed when the permanent magnet 1): 
is lined up with the coil 4) such that there is. no* voltage 
generated, or current flowing, in the coil 4). This 
arrangement maximises efficiency and minimises sparking. 

20 • " 

In alternative embodiments of the invention the cam or cams 
are replaced by a system of gears or flanges and the like. 

It should also be noted that although the embodiment 
2S .described is a permanent magnet DC motor, the invention 
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could equally well be . applied to a DC .witched reluctance 
a^chine, in which the cam switches the current on as a 
rotor pole approaches a stator pole and coil, switches 
the current off as a rotor pole becomes fully engaged with ■ 
s a stator pole and coil. 

This configuration has the advantage of extremely low 
: manufacturing cost, as the machine re<iulres neither drive 

electronics or permanent magnets. 

10 

' It should be noted that the invention can also be applied 
to switched reluctance Ttiachines. 

Where in the foregoing description reference has been made 
15 to integers or elements have kno^ equivalents then such 
are included as if individually set forth herein. 

Embodiments of the invention have . been described , however 
it is understood that, variations, improvement or 
« modifications can take place without departure from the 
spirit of the invention or scope of the appended claims. 



CLAIMS : 



1. A rotating electrical machine conprising: 

a housing; ' • 

a shaft mounted rotatably within the housing;. 

a rotor fixed to the shaft and providing a magnetic 

field; 

a stator positioned- about the rotor within the' housing 
and having a winding; 

a switch mounted within the housing and having a first 
position for allowing current in one direction, through: the* 
winding and a. second position for ' allowing current in an 
opposite direction through the winding; 

a mechanical activator movable with or by- the - shaft 
and acting on the switch so as to move it between .the f±j:Qt 
and second positions when the winding is so aligned that 
current -inducing effects of the magnetic field on the., 
winding are at or near a minimum, 

2. A rotating electrical machine, in which the rotor 
comprises a permanent magnet, and the stator comprises a 
plurality of electromagnets, having no drive electronics, 
or electronic or electromagnetic position sensing devices. 




3. A permanent magnet brushless DC electric motor, in which 
the rotor comprises a permanent magnet, and the stator 
comprises a plurality of electromagnets, having no drive 
electronics - 

4. A permanent magnet brushless* DC electric motor/ in which 
the rotor comprises a permanent magnet, and the stator 
comprises a plurality of electromagnets, haying no 
electronic or electromagnetic position sensing devices. 

. . 10 * 

5 . A DC Switched reluctance . motor having no drive 
electronics, or electronic or electromagnetic position 
sensing devices, 

15 6, A DC Switched reluctance motor having no electronic or 
electromagnetic position sensing devices. 

1 - A permanent magnet brushless DC electric motor, in which 
the rotor comprises a' permanent magnet, and the stator 
20 comprises a plurality of electromagnets, in which 
commutation is effected by purely electromechanical means. 

8 • A DC Switched reluctance motor . in which commutation is 
effected by purely electromechamical meeuxs. 
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9. A permanent magnet brushless DC electric motor as 
claimed in claim 6, in which the rotor comprises- a 
permanent magnet , and the stator comprises a plurality of 
electromagnets, in which commutation is effected by meanjs 

5 of a plurality of switches, 

10. A permanent magnet brushless DC electric motor;- as 
claimed in claim 8,. in which the rotor comprises a 
permanent magnet, and the stator comprises a plurality... of 

10 electromagnets, in which commutation is effected by. means 
of a plurality of leaf switches- 

11. A DC Switched reluctance motor as claimed in . claim l\ 
in which commutation is effected by means of a plurality of- 

IS switches • 

12. A DC Switched reluctance motor as claimed in claim 10,. 
in which commutation is effected by means of a plurality of 
leaf switches. 

20 

13 . A peinmanent m&gnet brushless DC electric motor as 
claimed in claim 9, in which the rotor comprises a 
permanent magnet, and the stator con?)rises a plurality of 
electromagnets, in which commutation is effected by means 

25 of a plurality of leaf switches activated by a cam or cams. 





14. A DC Switched reluctance motor as claimed in claim 11, 
in which commutation is effected by means of a plurality of 
leaf switches activated by a cam or cams. ■ • 

' s 

15. A permanent magnet brushlese DC electric motor as 
claimed in claim 9, in which the rotor comprises a 
permanent magnet, and the stator comprises a plurality of 
electromagnets, in which commutation, is effected by means 

io of a plurality of leaf switches activated by a system of 
gears. 

le. A DC Switched reluctance motor as claimed in claim 11/- 
in which commutation is effected by means of a plurality of 
15 leaf switches activated by a system of gears. 

17. A DC Switched reluctance motor substantially as 
hereinbefore described with reference to the accompanying 
drawings . 

20 

18. A permanent magnet brushless DC electric motor 
substantially as hereinbefore described with reference to 
the accompanying drawings. 
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19. A rotating electrical machine as hereinbefore 

described with reference to the accompanying drawings. 
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ABSTRACT 

ELECTRIC MOTOR-GENERATORS 

A motor- generator comprises a rotor in the form of a 
permanent magnet and a atator which comprises a plurality, 
of electromagnets (coils) . The coils are all energised all 
the time, except when their polarities are being switched. 

A means of switching the polarities of the stator 
electromagnets (coil?), mechanically . linked to the rotor, 
comprising a plurality of bipolar leaf switches, two per 
coil, arranged such that as the switch is moved from one 
contact to the other, the polarity of the coil is reversed. 
These switches may be activated by a cam mounted on the 
shaft. The cam spans 180 degrees, so that as the shaft 
rotates, the coils are energised half the time with one 
polarity, and half the time with the other. Furthermore, 
the cam is aligned with the permanent magnet such that the 
point.' at which the polarities are reversed is the point at 
which the permanent magnet is lined up with a given coil^ 
such chat as.'there is no change in flux linkage at that 
point, there is no voltage or cxirrent in the coil. 
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